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ABSTRACT

Background: Breakfast omission is known to be associated with lower
24-h energy intake. However, little is known about downstream eating
behaviors subsequent to skipping breakfast in free-living individuals.
Objective: We replicated the traditional crossover design of nutri-
tion studies in a naturalistic setting to compare within-person dif-
ferences in self-reported eating behaviors, energy intake, and other
dietary characteristics of individuals on a day that included break-
fast with a day that omitted breakfast.

Design: We used cross-sectional dietary data for 2132 adult respondents
who reported breakfast in only one of 2 dietary recalls in the NHANES
2005-2010. Dietary outcomes examined included meal- and snack-eating
behaviors, clock time of eating episodes, and intakes of energy, macro-
nutrients, and food groups. Regression methods accounted for replicate
diet measurements, covariates, and survey-design characteristics.
Results: The breakfast meal provided a mean of 508 kcal in men and
374 kcal in women, but differences in 24-h energy intakes between the
breakfast and no-breakfast day were 247 and 187 kcal, respectively.
Energy intakes at the lunch meal were higher on the no-breakfast day
(202 kcal in men and 121 kcal in women), and the reported time of
lunch was ~ 35 min earlier. The energy contribution of dinner or its
reported time did not differ. A higher number of energy-adjusted serv-
ings of fruit and whole grains were reported on the breakfast day, but the
energy and macronutrient density of reported foods were not different.
Conclusions: In free-living American adults, the eating time for
lunch was earlier, and the lunch meal provided more energy on
the no-breakfast day than on the breakfast day. Although the quality
of dietary selections reflected in the energy and macronutrient den-
sity of a day’s intake did not differ between the breakfast and the
no-breakfast day, breakfast skippers may need encouragement to
consume fruit and whole grains at other eating episodes.
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INTRODUCTION

Breakfast skippers have been reported to have lower energy
intakes in both cross-sectional (1-5) and short-term crossover

studies (6-9) of breakfast manipulation; however, breakfast
consumption is generally held to be advantageous for weight
management (10). A possible rationale for this belief includes
higher rebound energy intake after omission of breakfast as
a contributor to weight gain (11). However, recent randomized
controlled trials of breakfast manipulation showed that body
weights after 6 or 16 wk of breakfast and no-breakfast groups
were not different (12, 13). Thus, Levitsky (11) and other au-
thors (14) suggested that lower energy intake because of the
omission of breakfast remains mostly uncompensated and may
potentially be an adjunct to weight loss (14).

The published literature on the extent of compensatory changes
in downstream eating after the omission of breakfast is limited.
Observational studies addressed breakfast-related questions about
eating behaviors by comparing reporters of breakfast with those
of nonreporters (1-5). The commonly used analytic strategy to
statistically adjust for individual demographic, lifestyle, and
health characteristics leaves the potential for considerable re-
sidual confounding in making valid comparisons. For example,
possible individual differences in chronotype (15-18) or in-
dividual food preferences, selections, and habituation were not
considered in analyses of observational data that compared nu-
tritional outcomes in reporters and nonreporters of breakfast.

Short-term, laboratory-based crossover studies of the com-
parison of downstream energy compensation after the breakfast
and no-breakfast test conditions included controls on the amounts
or types of foods or the times of their consumption (6-9). Longer-
term trials in which subjects self-selected foods in free-living
conditions also included constraints on the timing of the first
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meal (12, 13) and the amount consumed (13). Such constraints
on when, what, and how much to consume are unlikely to ap-
proximate eating behaviors of free-living individuals function-
ing in their typical food, work, and leisure environments. For
example, free-living subjects who do not report breakfast may
consume snacks before their lunch meal with a possible asso-
ciation with the quality of dietary selections, or the time of
initiation of the downstream eating events may change on a no-
breakfast day. In fact, little is known about the temporal dis-
tribution of eating events in relation to breakfast consumption
or omission in free-living individuals. This information may
allow a more-nuanced understanding of eating behaviors when
breakfast is not consumed.

In the current study, we approximate the crossover-study
design model in a realistic, unconstrained setting by comparing
dietary profiles of respondents who recalled breakfast in one
recall but not in a replicate recall. This approach was previously
used to compare dietary intakes of drinkers on a day that included
alcohol with a day that did not include alcohol (19). In the current
study, we used this approach to compare a recall day that included
breakfast with a recall day that omitted breakfast for within-
person differences in /) the number and type of eating episodes
and their energy contribution, 2) the time of eating events, and
3) the quality of food selections.

METHODS

We used public domain cross-sectional dietary data from the
continuous NHANES conducted from 2005 to 2006, 2007 to
2008, and 2009 to 2010 for this study (20, 21). The study protocol
was reviewed by the City University of New York Institutional
Review Board and was exempted from human subject research
regulations because of the use of anonymized public domain data.
The NHANES is an ongoing annual survey conducted by the
National Center for Health Statistics, CDC. The public domain
release includes combined data for 2 survey years. The NHANES
has a complex, multistage probability sample design that includes
a nationally representative sample of the US civilian, non-
institutionalized population. The survey includes both a house-
hold interview and a full medical examination conducted in
a specially equipped mobile examination center (MEC)® (21).
Response rates for the MEC-examined sample in these surveys
were >70% (22).

Dietary assessment

During the MEC visit, NHANES respondents were adminis-
tered a 24-h dietary recall that used the automated multiple-pass
method algorithm of the USDA (23). The in-person recall in the
MEC was computer assisted and administered by a trained di-
etary interviewer by using a standardized protocol. A second
recall, via telephone, was administered to all respondents 3—10 d
after the first recall. A standardized set of measuring guides
were used during the in-person interview to facilitate the esti-
mation of portion sizes. Measurement tools and guides were also
given to respondents to use during the telephone recall.

S Abbreviations used: FPE, food patterns equivalent; MEC, mobile exam-
ination center; PIR, poverty income ratio.
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Analytic sample

All NHANES respondents aged =20 y with 2 reliable dietary
recalls in each survey cycle (2005-2010) were eligible for in-
clusion in the study (n = 13784). We excluded pregnant and
lactating women (n = 475) and individuals who reported no
energy intake in either recall (n = 11), which resulted in a final
analytic sample of 13,298. Within this sample, 16.8% of re-
spondents (n = 2132) reported breakfast in one of 2 recalls
that they provided and comprised the analytic sample for in-
vestigation of within-person differences in eating behaviors and
dietary intake.

Exposure assessment

Each NHANES recall collects information on a name and
clock time for each eating event reported (21). All recalled food
or beverage items reported at one clock time are given the same
eating event name. We considered respondents who recalled
a day that included breakfast, desayuno, or almuerzo in the
previous 24-h as breakfast reporters. A recall that did not include
these eating events was considered a no-breakfast recall. This
definition of breakfast is consistent with our previous work and
the definition used by the USDA (24, 25). However, unlike USDA
estimates, if plain water was the only item mentioned for
breakfast, we did not consider it breakfast.

Dietary outcomes examined

We used the 24-h dietary recall to examine 3 types of variables
as follows: meal and snack behaviors, clock time of eating events,
and servings of food patterns equivalents (FPEs).

Meal and snack consumption and clock time of reported
eating events

With the use of methods that we previously reported (24, 25),
we considered mention of breakfast, lunch, dinner, supper, and
brunch, or equivalents in the Spanish language, as main meals.
All nonmain-meal eating events were considered snack events.
From this information we derived the number of all reported
eating events, energy from each individual main meal and all
main meals combined, energy from snacks, and time of day of
reports of the first and the last eating episode and of individual
main meals. When plain tap or bottled water was the only
reported item in a recalled eating event, it was not considered an
eating event.

FPEs

We merged NHANES dietary data with the FPEs database
available for the NHANES 2005-2006, 2007-2008, and 2009—
2010 from the USDA website (26). For each individual, we
computed the FPE servings of all fruit, whole fruit, all vegeta-
bles, all grains, whole grains, total protein, all dairy, added
sugars, and discretionary fat reported in each recall.

Energy and macronutrient intake

Energy and macronutrient (grams of fat, carbohydrate, and
protein), fiber, and total sugar intakes associated with each recall
for each individual were available in the NHANES public domain
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database (21). We also computed the energy density of reported
foods (excluding all beverages) as kilocalories per gram of
reported foods in the recall (27).

Statistical analyses

For descriptive purposes, we examined the sociodemographic,
family, and lifestyle characteristics of respondents who reported
breakfast in both, one, or no recalls. The percentage of the
population in each of these 3 breakfast groups was examined by
categories of sex, age group, family poverty income ratio (PIR),

TABLE 1

years of education, BMI, employment status, marital status, and
family size. Recall characteristics of respondents who reported
breakfast in only one of 2 recalls were compared by using chi-
square tests.

We compared the breakfast day and the no-breakfast day for
within-individual differences in the outcomes reported by using
a linear regression analysis. These models included covariates for
the day of the week when breakfast was recalled as well as the
recall type (i.e., in-person or telephone recall) and a separate
intercept term for each individual in the study. The intercept
term controlled for individual-level demographic-, lifestyle-, or

Profile of adults reporting breakfast in both, one, or no recall, NHANES 2005-2010"

Reported breakfast in both recalls ~ Reported breakfast in one recall ~ Reported breakfast in no recalls

(n = 10,461; 77.7%) (n =2132; 16.8%) (n =705; 5.5%) P
Sex <0.0001
Men 46.9 (45.8, 48.0) 49.9 (46.4, 53.3) 60.0 (54.4, 65.3)
Women 53.1 (52.0, 54.2) 50.1 (46.7, 53.6) 40.0 (34.7, 45.7)
Age group, y <0.0001
20-39 31.0 (29.2, 32.9) 51.1 (47.9, 54.3) 61.8 (56.1, 67.1)
40-59 40.1 (38.8, 42.2) 41.2 (37.5, 45.0) 40.9 (34.9, 47.2)
=60 28.8 (26.9, 30.9) 12.3 (11.0, 13.9) 7.0 (5.3,9.3)
Race-ethnicity <0.0001
Non-Hispanic white 73.0 (68.9, 76.8) 64.6 (60.2, 68.8) 63.2 (56.6, 69.4)
Non-Hispanic black 9.2 (7.6, 11.0) 18.2 (15.1, 21.7) 21.1 (16.7, 26.4)
Mexican American 8.0 (6.4, 10.0) 8.5 (6.6, 11.0) 6.7 (4.6, 9.7)
Other 9.8 (7.9, 12.1) 8.7 (7.0, 10.7) 8.9 (6.4, 12.3)
Family poverty income ratio, % <0.0001
<130 16.4 (14.9, 18.1) 24.7 (22.1, 27.5) 28.9 (22.8, 35.5)
130-349 33.6 (31.6, 35.7) 34.4 (30.6, 38.5) 35.6 (29.7, 41.7)
=350 43.9 (41.2, 46.6) 34.9 (30.9, 39.1) 31.3 (25.9,37.2)
Missing (983) 6.0 (5.3, 6.8) 59 4.38,173) 4.5 (3.0, 6.6)
Education <0.0001
<12y 17.4 (16.0, 19.0) 20.1 (17.5, 22.9) 20.0 (16.1, 24.5)
12y 23.3 (21.9, 24.8) 25.9 (23.5,28.7) 32.6 (27.0, 38.8)
Some college 29.7 (28.3, 31.2) 34.1 (30.9, 37.5) 32.3 (26.4, 38.8)
College or more 29.5 (27.1, 32.1) 19.9 (17.5, 22.5) 15.1 (10.9, 20.6)
Month of first recall 0.004
November to April 39.2 (32.5, 46.3) 45.7 (37.8, 53.8) 37.6 (29.3, 46.7)
May to October 60.8 (53.6, 67.5) 54.3 (46.2, 62.1) 62.4 (53.3, 70.7)
Day of week of first recall 0.7
Monday to Thursday 57.4 (55.7, 59.1) 56.3 (53.5, 59.0) 56.1 (51.8, 60.3)
Friday to Sunday 42.6 (40.9, 44.3) 43.7 (41.0, 46.5) 43.9 (39.7, 48.2)
Day of week of second recall 0.9
Monday to Thursday 59.5 (57.8, 61.2) 58.8 (55.0, 62.5) 59.1 (52.8, 65.1)
Friday to Sunday 40.5 (38.8, 42.2) 41.2 (37.5, 45.0) 40.9 (34.9, 47.2)
BMI, kg/m? 0.01
<25 30.2 (28.3, 32.1) 33.7 (30.9, 36.6) 31.4 (26.0, 37.5)
25-30 34.4 (32.9, 36.0) 29.4 (26.3, 32.7) 26.4 (22.0, 31.2)
=30 34.4 (32.8, 36.0) 36.0 (33.0, 39.1) 41.3 (36.0, 46.9)
Missing (n = 162)
Employment status <0.0001
None 38.0 (36.2, 39.9) 34.5 (31.5, 37.6) 36.5 (30.9, 42.6)
Regular day 53.2 (51.4, 54.9) 48.5 (45.0, 52.0) 44.0 (38.3, 49.8)
Night/evening/rotating 8.8 (8.0, 9.7) 17.0 (14.4, 20.0) 19.5 (15.4, 24.3)
Family size, n <0.0001
1 209 (194, 22.4) 232 (20.7, 25.9) 27.7 (23.0, 32.9)
2 32.9 (30.5, 35.4) 25.7 (23.1, 28.5) 19.4 (15.1, 24.5)
3or4 32.1 (30.5, 33.6) 33.9 (30.6, 37.3) 37.1 (324, 42.1)
=5 14.1 (125, 15.9) 17.2 (14.6, 20.2) 15.8 (12.7, 19.6)
Marital status <0.0001

Married or living as married
All others

66.3 (64.4, 68.2)
33.7 (31.8, 35.6)

54.4 (51.4, 57.3)
45.6 (42.7, 48.6)

50.1 (45.0, 55.3)
49.8 (44.7, 55.0)

'All values are weighted percentages; 95% Cls in parentheses. P values were determined by using the chi-square test of independence.
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health-related factors. For nutrient intakes and food pattern
equivalents (FPEs), we adjusted for energy intake.

We present adjusted means (predicted margins) and their 95%
CIs for each examined outcome on the recalled breakfast day or
the no-breakfast day (28). Tables also include the difference
between the breakfast day and no-breakfast day for each ex-
amined outcome, the 95% CI of the difference, and the associated
level of significance. No adjustments were made for multiple
comparisons, although, generally, results with P values =0.001
are highlighted in the narrative. These analyses were stratified
by sex.

Descriptive analyses were conducted with SAS version 9.2
software (SAS Institute Inc.), and SAS-callable SUDAAN ver-
sion 11 (29). Regression models that compared dietary intakes
and eating behaviors on the breakfast day and no-breakfast day
were conducted with STATA version 12.1 software (StataCorp
LP). All statistical procedures accounted for the complex survey
design and included 2-d diet weights (30, 31). Two-sided P
values of Wald’s F test that compared the breakfast day with no-
breakfast day are presented.

RESULTS

Nearly 70% of adults reported breakfast in both recalls, 16.8%
of adults reported breakfast in one of 2 recalls, and 5.5% of adults
did not mention breakfast in both recalls (Table 1). More subjects
who reported no breakfast on one or both recalled days were
younger (age: 20-39 y), were non-Hispanic black, had lower
income (family PIR <130), had higher BMI, and worked night,
evening, or rotating shifts. Respondents who were older (=60 y)
had higher family income (family PIR =350), were college
educated, had a family size of 2, and were married or living as
married were less likely to report no breakfast on one or both
recalled days (P < 0.0001).

In subjects who reported breakfast in one of 2 recalls, a higher
percentage of in-person recalls (first recall) omitted breakfast
(P = 0.001), but the weekday of recalled intake was not different

TABLE 2

(Table 2). Lunch meal was mentioned by >80% of subjects on
the no-breakfast day relative to 68% of subjects on the breakfast
day (P < 0.001). The percentage of subjects who reported dinner
on the breakfast or the no-breakfast day was not different.

Meal and snack contributions to energy intake on days with
and without breakfast

The number of all reported eating episodes was higher on the
breakfast day than on the no-breakfast day in both men and
women (Table 3) (P < 0.001). The number of snack episodes
reported was lower on the breakfast day than on the no-breakfast
day (P = 0.02). Energy intake from breakfast on the breakfast
day was 508 kcal in men and 374 kcal in women (Figure 1). In
men, the 24-h energy intake on the breakfast day and no-
breakfast day was 2586 and 2339 kcal, respectively (difference:
247 kcal) (P < 0.001) (Figure 1A). In women, 24-h energy
intake on the breakfast day was 1867 kcal compared with
1680 kcal on the no-breakfast day (difference: 187 kcal) (P < 0.001)
(Figure 1B). Energy intake from lunch was ~30% lower on
the breakfast day than on the no-breakfast day in both sexes
(—202 kcal in men and —121 kcal in women) (P < 0.001).
Energy consumed at dinner or as snacks was not different
between the breakfast day and no-breakfast day in both sexes.
However, the relative energy contribution of meals (as the per-
centage of 24-h energy) was higher, but that from snacks was
lower on the breakfast day than on the no-breakfast day (P <
0.001). The number of reported eating events at or after 2000
did not differ between the breakfast day and no-breakfast day.

Reported times of eating events on days with and without
breakfast

Not surprisingly, the clock time of the first eating episode of
the recall day that included breakfast was earlier than that on the
no-breakfast day (difference: —123 min in men and —101 min in
women) (P < 0.001) (Figure 2; Supplemental Table 1). Rel-
ative to on the no-breakfast day, the clock time of lunch was

Recall characteristics of adults reporting breakfast in any one of 2 dietary recalls, NHANES 2005-2010"

Men

Women

Breakfast day (n = 1095)

No-breakfast day (n = 1095)

Breakfast day (n = 1037) No-breakfast day (n = 1037)

Type of 24-h recall
In-person recall
Telephone recall

40.7 (36.3, 45.3)
59.2 (54.7, 63.7)

59.2 (54.7, 63.7)
40.7 (36.3, 45.3)

42.1 (37.9, 46.5)
57.9 (53.5, 62.1)

57.9 (53.5, 62.1)
42.1 (37.9, 46.5)

P <0.001 <0.001

Day of recalled intake
Monday to Thursday 56.9 (52.0, 61.7) 56.1 (51.6, 60.6) 61.3 (57.3, 65.1) 55.9 (51.2, 60.4)
Friday to Sunday 43.1 (38.3, 48.0) 43.9 (39.4, 48.4) 38.7 (34.9, 42.7) 44.1 (39.6, 48.8)
P 0.8 0.1

Ate lunch on recalled day?
Yes 68.5 (64.5, 72.3) 80.2 (76.7, 83.3) 71.7 (67.7,75.3) 82.1 (78.8, 84.8)
No 31.5 (27.7, 35.5) 19.8 (16.7, 23.2) 28.3 (24.6, 32.3) 18.0 (15.1, 21.2)
P <0.001 <0.001

Ate dinner on recalled day?
Yes 88.9 (85.9, 91.3) 88.8 (86.2, 91.0) 90.1 (87.2, 92.4) 91.9 (89.4, 93.9)
No 11.1 (8.7, 14.1) 11.2 (9.0, 13.8) 9.9 (7.6, 12.8) 8.1 (6.1, 10.6)
P 0.9 0.1

'All values are weighted percentages; 95% CIs in parentheses. P values were determined by using the chi-square test of independence.



P
<0.001
0.02
0.1
<0.001

0.03 (—0.05, 0.11)
187 (121, 253)

Difference (breakfast

No-breakfast day day — no-breakfast day)
0.68 (0.52, 0.85)

—0.21 (—0.38, —0.04)

Women (n = 2074)

4.1 (4.0, 43)
2.33 (1.96, 2.27)
0.83 (0.76, 0.89)
1680 (1612, 1749)

Breakfast day

4.8 (47, 5.0)
2.12 (2.17, 2.49)

0.86 (0.79, 0.92)
1867 (1801, 1934)
374 (343, 404)

P
<0.001
<0.001

0.1
<0.001

0.61 (0.43, 0.78)
—0.31 (—0.47, —0.14)

day — no-breakfast day)
—0.07 (—0.15, 0.02)
247 (121, 373)

Difference (breakfast

Men (n = 2190)

No-breakfast day
4.1 (3.9, 4.2)

2.28 (1.14, 2.42)

0.92 (0.85, 0.98)

Breakfast day
4.7 (4.5, 4.9)
1.97 (1.81, 2.13)
0.85 (0.77, 0.93)
2586 (2481, 2692) 2339 (2225, 2454)
508 (477, 539)

Within-person differences in meal and snack behaviors between the 24-h recall that included a breakfast meal compared with the recall without breakfast in adults aged =20 y, NHANES 2005-2010"

Eating episodes at or after 2000, n

Total energy, kcal
Breakfast energy, kcal

Dependent variable
Eating episodes, n
Snack episodes, n

TABLE 3
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2 825 g j;" 2 :‘E" :ED =g é :ﬁ between the breakfast day and no-breakfast day?
gl g é g 2 3 _Z ﬁ - é %” The breakfast meal provided a mean of 508 kcal in men and
6 2823533 s 3 374 kcal in women; however, corresponding differences in 24-h
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FIGURE 1 Within-person differences in distribution of 24-h energy intake into named eating episodes on the breakfast day and no-breakfast day reported
by adults in the NHANES 2005-2010. (A) Total, breakfast, lunch, dinner, and snack energy intakes reported in the 24-h recall of a breakfast day and no-
breakfast day. Estimates are predicted margins from linear regression models that included each dependent variable as a continuous outcome and the mention
or omission of breakfast, day of the week of recall (Monday to Thursday and Friday to Sunday), and recall type (i.e., in-person or telephone recall) as
independent variables along with a separate intercept term for each individual in the study. (Men, n = 1095 on the breakfast day and n = 1095 on the no-
breakfast day; women, n = 1037 on the breakfast day and n = 1037 on the no-breakfast day.) *Significantly different from that reported on the breakfast day
within each sex, P < 0.001. (B) Compensated and uncompensated breakfast energy intake on the no-breakfast day in men and women. Estimates are predicted
margins from linear regression models that included each dependent variable as a continuous outcome and the mention or omission of breakfast, day of the
week of recall (Monday to Thursday and Friday to Sunday), and recall type (i.e., in-person or telephone recall) as independent variables along with a separate

intercept term for each individual in the study.

energy intake between the breakfast day and no-breakfast day
were ~50% lower at 247 kcal in men and 187 kcal in women.
Thus, nonbreakfast eating episodes on the no-breakfast day in-
cluded a higher amount of energy than on the breakfast day.
These findings on the extent of difference in energy intake be-
tween the breakfast day and no-breakfast day differed from re-
sults of 2 controlled crossover studies (6, 7) and a 6-wk
intervention trial (13), which reported either no difference (6) or
very little difference (7, 13). The findings of previous studies
may partially reflect constraints on when eating was allowed in
the no-breakfast condition (6, 7, 13) and the provision of foods
available for consumption (6, 7).

In men, >75% of the breakfast energy on the no-breakfast
day, and in women, 65% of the breakfast energy on the no-
breakfast day, was made up by higher energy intake at the lunch
meal, but energy consumed at dinner or as snacks did not differ
between the 2 recall days in both sexes. In cross-sectional
comparisons of breakfast reporters and skippers by using
NHANES 2003-2004 data, Levitsky and Pacanowski (7) re-
ported significantly higher energy at all nonbreakfast meal and
snack events. However, in the crossover study of Levitsky and
Pacanowski (7) that included an ad lib breakfast, only lunch
energy intake was higher in the no-breakfast test condition. We
also found that energy intake from snacks consumed before
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FIGURE 2 Reported time of day for eating events on the breakfast day and no-breakfast day in adult men and women, NHANES 2005-2010. Estimates
are predicted margins from linear regression models that included each dependent variable as a continuous outcome and the mention or omission of breakfast,
day of the week of recall (Monday to Thursday and Friday to Sunday), and recall type (i.e., in-person or telephone recall) as independent variables along with
a separate intercept term for each individual in the study. (Men, n = 1095 on the breakfast day and n = 1095 on the no-breakfast day; women, n = 1037 on the
breakfast day and n = 1037 on the no-breakfast day.) *Significantly different from that reported on the breakfast day within each sex, P < 0.001. HH:MM,

hours:minutes.

lunch on the no-breakfast day was slightly higher (especially in
women; P < 0.02) from that reported on the breakfast day.
Overall, these findings suggest that, under free-living conditions,
compensation for the omitted breakfast energy occurred in eating
events proximal to the omitted meal. This finding is consistent
with the higher perceived hunger in the late morning in the no-
breakfast condition in a crossover study of adolescents (8).

Did the time of reported downstream eating events differ
on breakfast and no-breakfast recall days?

On the no-breakfast day, the reported time of lunch was >30 min
earlier than on the breakfast day. However, despite the earlier
lunch, the reported dinner time or time of the last eating epi-
sode did not differ between the breakfast day and no-breakfast
day. It has been suggested that the peak of biologic hunger
tends to occur in the evening and is generally not responsive
to eating events occurring earlier in the day (32). In a recent
analysis of secular trends in eating behaviors in the US pop-
ulation, we reported that, although reported breakfast and
lunchtime have changed over the past 40 y (they are ~30 min
later), the time of day when dinner was reported has not
changed (25).

Late-day eating may be associated with more-adverse meta-
bolic consequences (33). If breakfast omission is associated with
more late-in-the-day eating, then that could be another potential
mechanism for affecting health. In the current study, there was
little evidence of an extension of the eating period into evening
hours on the no-breakfast day because the average time of the last
reported eating event of the day did not differ between the
breakfast day and no-breakfast day. We did not find any other
studies in which times of eating events in relation to breakfast
consumption or omission were reported.

Did the quality of dietary selections differ on breakfast and
no-breakfast recall days?

In the current study, women reported slightly higher intake of
energy-adjusted added sugars (but not of total sugars) on the no-
breakfast day; however, the energy and macronutrient density of
foods consumed did not differ between the breakfast day and no-
breakfast day, which suggested a similar qualitative nature of the
foods selected on both days. These results differ from findings
from a 6-wk intervention trial of breakfast =700 kcal and no
breakfast, whereby carbohydrate and sugar intakes were higher
in breakfast reporters (13). However, the higher energy-adjusted
servings of total and whole fruit and whole grains in both men
and women and dairy in women on the breakfast day suggest the
relative importance of the breakfast meal for consumption of
these food groups.

Strengths and limitations

Our study was an attempt to replicate the traditional crossover
study design of nutrition studies in a naturalistic setting in a large
and diverse sample of the US population. Our approach of the
within-person comparison of various outcomes adjusted for the
residual confounding that can occur in cross-sectional studies that
compare breakfast reporters and nonreporters.

Although the NHANES 24-h dietary recall is collected by
using a validated automated multiple-pass algorithm, which has
been reported to reduce bias (34), we acknowledge the obser-
vational nature of our study where recalls were self-reported.
However, note that, even in long-term or short-term randomized
intervention trials, subjects usually self-report their dietary in-
take. Thus, the measurement error known to be associated with
self-reported dietary intake (35) may expectedly have been
present in our study and in other studies (including intervention
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P

0.5
<0.001

<0.001
<0.001

187 (121, 253)
20 (11.2, 28.6)
—0.44 (—1.88, 1.0)

Difference (breakfast
day — no-breakfast day)

Women (n = 2074)

No-breakfast day
49.7 (48.7, 50.8)

1680 (1612, 1749)
207 (198, 216)

Breakfast day
1867 (1801, 1934)
227 (219, 235)
49.3 (48.3, 50.3)

P

<0.001
<0.001
0.8

247 (121, 373)
30.7 (14.5, 46.9)
0.16 (—1.1, 1.40)

Difference (breakfast
day — no-breakfast day)

Men (n = 2190)

No-breakfast day
47 (46, 48)

2339 (2225, 2454)
273 (260, 287)

Breakfast day
304 (288, 320)
48 (47, 49)

2586 (2481, 2692)

Within-person differences in energy and macronutrient intake for the 24-h recall that included a breakfast meal compared with the day without breakfast in the recall in adults aged =20 y, NHANES 2005—

2010
Carbohydrate, % of energy

Dependent variable
Total energy, kcal
Carbohydrate, g
Fat, g

TABLE 5

BREAKFAST OMISSION AND DOWNSTREAM EATING BEHAVIORS 669

9.1 (4.3, 13.9)

64 (61, 68)

73 (69, 77)

0.003

8.6 (3.0, 14.2)

87 (82, 93)

96 (91, 100)

o g oS o s 8 trials). Moreover, previous trials have reported an intervention-
S \c/> S \c/> SSsS é g associated bias in dietary reporting in intervention trials (36-38).

ag jQ:; Although we presented no empirical evidence in our study, we

2 8 speculate that the types of reporting errors within an individual
S & 2 g~z are more likely to be similar than among individuals. Thus, our
TSI Al S analytic approach of comparing the diet within individuals ma

S < 0 = yuc app paring y

on < i = = .
2.2 ;, 2.2g g g have reduced the effects of person-level measurement error for
laol=0l=200 % 2 our inferences. Because of our study design, we focused our
2328332 ges analysis on the subset of individuals in NHANES who reported
°c g ° I e § i breakfast in only one of the two 24-h recalls.

% g To our knowledge, no validation studies of eating behaviors

S ; (such as meal or snack episodes or time of their occurrence)
S22 F 4 sal| @ =) examined in our study are available, nor are we aware of any

o= — -0 [ = . .

:, F RS- j: g biomarkers which can be used for such a purpose. We defined
dgu-=4g£3| 58 eating behaviors on the basis of their characterization by re-
—_ T = T > . . .
~geong TS| E % spondents; results may possibly differ on the basis of other
QToEE T = 5 definitions.

& .2 Because of the potential that dietary behaviors may vary by an
s s&ac -~ z= individual’s demographic characteristics, the profile of our

) > 5 2 . .

EARprp = At E' £=| 38 sample (Table 1) should be considered when applying our re-

- . o .« _ © . . .
< - V=R E f sults to other samples. It is also possible that observed differ-
cecocoad 72 § ences in examined dietary outcomes between the breakfast day
ARASTIESZ|E R and no-breakfast day may have reflected transitional or unstable

—_ e — S © .

- = ‘E eating patterns.
«» O .. . .
- 4 o« ol The definition of breakfast used in the current study did not
pe § 2 § 3 § a9 g5 distinguish between the amount and type of foods or beverages
v s T reported for the breakfast meal. Future work that uses the current
S = P
z 3 study design may want to explore whether the findings reported
= H . . . . .
S 5 & . may be replicated in analyses stratified for qualitative and
3 3 — 2 Q8 ~_~ & 2 . . . . .
Sa s T-=& 25|58 quantitative characteristics of the reported breakfast or socio-

A e R = Vo o = .
dCn el | EF demographic profile of respondents.

? 0w B Q . . . .
TSTeTee Y EE In conclusion, although the eating time for lunch was earlier,
v dingiog Il and the lunch meal provided more energy intake on a no-

J > > = . .
S*323I2 e breakfast day than on the day that included breakfast, the dif-
< . . .
! £E ference in overall 24-h energy intake between the 2 recalls did not
g qual the magnitude of omitted breakfast energy. The quality of
2 e . . . .
2 a5l 38z% . dietary selections reflected in the energy and macronutrient
Gocvea&s| 238 density of a day’s intake was not different between the breakfast
e ——=20Ql 52 y y w Wi
= Tl g oot B day and no-breakfast day, but fruit and whole grains were lower
SESCSICST|§E hen breakf itted and should b d at oth
CLeTTTTTT| oz when breaktast was omitted and shou e encouraged at other
NG . .
A2 Fa § § 2 § S5 eating episodes on a no-breakfast day.
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